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Summary 
• The Grass Patch — Salmon Gums area covers 438,000 ha and begins about 
50 km north of Esperance on the South Coast of Western Australia, and extends 
about 100 km north along the Coolgardie—Esperance Highway. The climate is 
typically temperate with cool wet winters and dry warm summers. 
• The dominant soil types are Alkaline grey deep sandy duplexes, and Calcareous 
loamy earths. These and other soil types combine to form 3 dominant soil- 
landscape systems, which cover the entire study area and consist of 13 
subsystems. 
• All waterways in the area drain internally, forming many small wetland systems. A 
number of individual wetlands are in excellent condition and rate very high as 
representatives of their respective wetland suites. 
• Depth to groundwater ranges from 0.5 to 20.3 m with a median and average 
depth of 5.1 m and 6.3 m respectively. Groundwater commonly has an equivalent 
salt content as seawater and typically has a low pH. 
• Groundwater levels in a few bores are showing rising trends of up to 0.20 m/yr, 
while most bores have static groundwater levels. Typically, observed rises in 
groundwater levels occur during and after above average rainfall. The risk of 
shallow watertables is moderate to high in the Halbert System and the time until 
potential salinity fully develops is 35-75 years. The risk of shallow watertables in 
the other systems is low or moderate, with more than 75 years until potential 
salinity fully develops. 
• Over 20 per cent of the study area is low-lying. In the Halbert System the low- 
lying areas have the potential to develop shallow watertables and are at risk of 
developing salinity. In the Salmon Gums and Scaddan Systems the low-lying 
areas are predominantly at risk of flooding and inundation. 
• Three-quarters of the area has strongly alkaline subsoils and two-thirds is highly 
susceptible to water repellence and wind erosion. 
• Only 16 per cent of the original vegetation has been retained and this contains 2 
species of declared rare flora and 49 species of priority flora. The agricultural 
land retains only 6 per cent of its original vegetation and one-quarter of this 
vegetation is found in low-lying areas. This risk will threaten 1 species of declared 
rare flora and 35 species of priority flora. 
• A range of options for reducing land degradation is discussed. Factors such as 
soil type, annual rainfall, enterprise mix and financial structure will determine the 
most suitable approach for each farm business. 
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1. Introduction 
Soil degradation on farmland reduces agricultural production and damages 
infrastructure and natural resources such as remnant vegetation, waterways and 
wetlands. 
While dryland salinity, waterlogging and soil erosion cause serious environmental 
problems in Australia, several other forms of soil degradation are of concern such as 
water repellence, wind erosion and soil acidity. Dryland salinity will increase as 
groundwater levels continue rising, decreasing the value of agricultural land and 
reducing agricultural production. 
The objective of Rapid Catchment Appraisal (RCA) is to assess the condition of, and 
future risks to agricultural and natural resources, and provide information for reducing 
those risks within regional geographic catchments. The process also attempts to 
identify the most suitable options to manage the risk. 
This report has been prepared by the Esperance Catchment Support Team, which 
contains representatives from relevant government departments. The report 
summarises current information for the Grass Patch — Salmon Gums area. 
1.1 Study area 
The Grass Patch — Salmon Gums area covers about 438,000 ha, and starts about 
50 km north of Esperance on the South Coast of Western Australia. It extends about 
100 km north along the Coolgardie—Esperance Highway and follows the agricultural 
land boundary to the east and north (Figure 1). The area includes nature reserves 
and unallocated Crown land. 
The study area falls entirely within the Esperance Shire and the soil-landscape 
mapping unit, Esperance MaIlee Zone (246). It contains numerous salt lakes, 
alkaline soils and mallee vegetation and all waterways drain internally, forming many 
small wetland systems. 
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Figure 1: Location of the study area in the Esperance district 
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2. Natural resource base 
2.1 Climate 
Angela Alderman, Land & Water Development Officer 
The climate is temperate with cool wet winters and dry warm summers. 
2.1.1 Rainfall 
Annual rainfall varies from 400 mm in the south to 300 mm in the far north (Figure 2). 
The Grass Patch area averages 360 mm, with the driest year (1972) receiving 
200 mm, and 1992 receiving the highest annual rainfall of 640 mm.a 
There is a 20 per cent chance (1 in 5 years) that the Grass Patch area will receive 
annual rainfall above 421 mm (wet year) or below 290 mm (dry year). The area 
averages 41 mm during the wettest month (July) and only 17 mm in December. Sixty 
per cent of the rain falls during the growing season and evaporation is also lowest in 
these months (Figures 3 and 4). 
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Figure 3: Annual rainfall, separated into growing season (May—October) and out-of- 
growing season for the Grass Patch area 
a The rainfall and temperature data were obtained from Department of Agriculture (2004a). 
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Figure 2: Rainfall isohyets for the study area 
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Figure 4: Average monthly rainfall and evaporation for the Grass Patch area 1957- 
2003 
2.1.2 Temperature 
Temperatures range from average daily highs in summer of 27.5-29.4°C, to average 
winter highs of 16-17°C (Figure 5). The highest temperature recorded since 1957 
was 45.5°C in January 1961 and January 1994, while the lowest temperature was 
—3.5°C in August 1970. The average winter minimum temperature for 1957-1979 
was 6.0°C and since 1980, this average has increased to 6.6°C. Average summer 
minimum temperatures have remained steady at around 14.2°C. 
10 I I I I I I I 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Figure 5: Average monthly temperatures for the Grass Patch area. This graph depicts 
the highest recorded temperature, average daily maximum and minimum, and 
lowest recorded temperature (1957-2003) 
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2.1.3 Frost 
The frequency of occurrence of days with a minimum temperature of less than 2°C 
can be used as an indicator of the likelihood of frosts or damaging low temperatures. 
It is not an observation of frost on the ground. The actual occurrence of frost 
depends upon a complex interaction of climate with landscape factors, such as 
topography, soil type and vegetation cover (Foster 2000). 
From 1957 to 1979, there was an average of 6 potential frost events each year, with 
one of these days occurring in September or October. From 1980 to 2003, there was 
an average of 2 potential frost events each year, with an average of zero days 
occurring in September or October. Frosts may still occur; however the frequency of 
these events is decreasing (Figure 6). 
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Figure 6: Number of days with temperatures less than 2°C for the Grass Patch area 
2.1.4 Wind 
When wind reaches speeds of 29 kph it can move exposed particles of soil up to 
sand grain size. The hours of winds greater than 29 kph from 1995 to 2003 have 
been recorded by the Department of Agriculture's climate station at Salmon Gums. 
On average, only 20 per cent of these strong winds blow from March to June, which 
are the months when there is a high risk of wind erosion (Figure 7). 
Although years are highly variable and strong wind events occur episodically, the 
strong winds are predominantly west-north-west and north-west (Figure 8). 
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Figure 7: Hours of strong winds (>29 kph) in the Salmon Gums area 
Predominant direction of strong winds (>29 kph) 
Figure 8: Predominant direction of strong winds (>29 kph) recorded by the Salmon 
Gums climate station 1995-2003 
2.2 Geology 
John Simons, Hydrologist 
The geology of the area is comprised of Precambrian crystalline basement rocks and 
Cenozoic sediments that have been emplaced and deposited over three geologic 
periods — Precambrian, Tertiary and Quaternary. 
Precambrian basement rocks underlie the entire area. In the north-west they consist 
of Archaean granites of the Yilgarn Craton, and in the south-east they consist of 
Proterozoic granite, gneiss and migmatite from the Albany—Fraser Orogen (Morgan & 
Peers 1973). 
Tertiary sediments from the Plantagenet Group of the Bremer Basin form a 
discontinuous cover over the basement rocks (Johnson & Baddock 1998). The 
sediments consist of two distinct formations — the Werillup Formation and the 
Pallinup Siltstone. The Werillup Formation consists of dark coloured siltstone, 
sandstone, claystone and lignite, and is restricted to the depressions and valleys 
(palaeo-channels) in the basement rocks (Cockbain 1968). The Pallinup Siltstone is 
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more widespread and consists of siltstone and spongolite overlying either the 
Werillup Formation sediments or weathered basement rock (Morgan & Peers 1973). 
Quaternary sediments form the present day sandplain and occur as a thin (<10 m) 
surface veneer overlying the Tertiary sediments. 
2.3 Soil-landscape information 
Brendan Nicholas, Soil Resource Officer 
2.3.1 Soil groups 
The most common soil groups (Schoknecht 2002) are Alkaline grey shallow sandy 
duplexes, and Calcareous loamy earth soils, which together represent three-quarters 
of the study area (Table 1, Figure 9). 
Table 1: Soil groups in the study area 
Soil group Soil Series Area (ha) Area (%) 
Alkaline grey shallow sandy 
duplex 
Scaddan 
Circle Valley 
Other 
120,000 
120,000 
7,000 
56 
Calcareous loamy earth Beete* 
Kumar! 
76,000 
10,000 
20 
Salt lake soil 36,000 8 
Pale deep sand Heart Echo 34,000 7 
Alkaline grey deep sandy duplex Doust 21,000 5 
Shallow gravel 7,000 2 
Other soil groups 7,000 2 
Total 438,000 100 
* Soil Series name for Kopi 
2.3.2 Soil-landscape systems and subsystems 
Soil-landscapes are areas with repeating patterns of landforms and slopes with 
associated soils. Three dominant soil-landscape systems — Halbert, Scaddan and 
Salmon Gums — cover the study area and 13 soil-landscape subsystems have been 
identified in these systems (Department of Agriculture 2004b) (Figure 10). The most 
common subsystems occupy three-quarters of the study area and are the plains with 
clusters of salt lakes (Hal), the Scaddan — Grass Patch plains ( S c )  of alkaline 
shallow duplex soils in the south of the area, and the Salmon Gums plain (Sgl ) in the 
north-west (Table 2). The minor subsystems are described in Appendix 1. 
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Figure 9: Dominant soil groups of the study area 
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Figure 10: Soil-landscape systems and subsystems of the study area 
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Table 2: Most common soil-landscape systems and subsystems 
Halbert System 
Hal Gently undulating to undulating plain with many small playas. Lunettes and 
(151,000 ha, 34%) sand dunes are common on eastern side of lakes. Alkaline grey deep and 
shallow sandy duplex soils with associated Salt lake soils, Pale deep sands 
and Calcareous loamy earths. 
Ha2 Large, level playas with associated lunettes on the eastern edges of lakes. 
(7,000 ha, 2%) Salt lake soils with associated Calcareous loamy earths, Pale deep sands 
and other soils. 
Scaddan System 
Scl Level to gently undulating plain with areas of gilgai microrelief. Drainage is 
(112,000 ha, 26%) generally poorly developed and usually internal. Alkaline grey shallow 
sandy duplex soils with associated Pale deep sands, and minor Deep sandy 
duplexes and Ironstone gravel soils. 
5c2 Gently undulating plain with occasional subdued sand-sheets and dunes. 
(14,000 ha, 3%) Drainage is internal to occasional small swamps. Alkaline grey shallow 
sandy duplex soils with associated Pale deep sands and Alkaline grey deep 
sandy duplex soils. 
5c7 Slightly elevated (upper landscape position), gently undulating plain. 
(4,000 ha, 1%) Alkaline grey shallow sandy duplex soils and associated Alkaline red 
shallow loamy duplex soils. 
Salmon Gums System 
Sgl Level plain or plateau of low relief, poor external drainage and extensive 
(73,000 ha, 17%) Gilgai microrelief. Alkaline grey shallow sandy duplex soils and Calcareous 
loamy earths with minor Non-cracking clays. 
5g2 Very gently inclined scarp with external drainage via a well developed 
(55,000 ha, 13%) network of incipient streams. Alkaline grey shallow sandy duplex soils and 
Calcareous loamy earths with minor Non-cracking clays and bare rock. 
5g4 Crests and associated gently inclined slopes of low relief. Alkaline grey 
(15,000 ha, 3%) shallow sandy duplex soils and Duplex sandy gravels. 
2.4 Hydrology 
John Simons, Hydrologist 
2.4.1 Hydrogeology 
The hydrogeology of the area can be divided into distinct units that correspond with 
the dominant soil-landscape systems. The hydrogeology of the Halbert System is 
dominated by the north-south orientated Cowan palaeodrainage channel (Clarke 
1994) with the multitude of saline playa lakes acting as windows to a shallow 
watertable. In the Scaddan System the basement is deeper, the sediments are 
thicker and the watertable generally forms a continuous surface, except in a few 
areas of elevated basement where groundwater is absent (Johnson & Bad dock 
1998). In the Salmon Gums System the basement is more elevated and 
groundwater occurs in isolated pockets (Morgan & Peers 1973). 
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2.4.1.1 Regolith 
The regolith consists of Tertiary sediments and in-situ weathered basement rocks 
(Figure 11). The regolith's ability to store and transmit water, along with its thickness, 
significantly influences the hydrogeology of the area and the risk of salinity. 
Groundwater occurs directly above the impervious basement rocks underlying the 
regolith. The saturated thickness within the regolith materials is variable and ranges 
from a few metres to tens of metres. 
Depth Bore Groundwater Bore Groundwater 
b g r  AG19 depth and EC GP22 depth and EC 
(m) (Hal)  (date) ( S c )  (date) 
0 
_ 1_ Soil Soil 
2 profile profile 
_ 3_ . r -2.55m 
4_ 12,800 mS/m 
5_ (11/11/03) 
6 
_ 7 Tertiary 
_ 8_ sediments 
9 
_ 
Tertiary (Tep) 
10 sediments 
_ 11 
_ 
(Tep) 
12 
_ 13 
_ 14 
_ 15 
_ 16 
_ 17_ Tertiary -16.85m T 18_ sediments 4,200 mS/m 
19 (Tew) (19/11/03) 
_ 20 -20.30 m 
_ 21_ 5,000 mS/m A 
22 weathered (06/09/02) 
_ 23 basement 
_ 24 
_ 
(Png) 
25_ 
26 weathered 
_ 27 basement 
_ 28 
_ 
(Png) 
29 
_ 30 
_ 31_ 
32 Basement 
_ 33 
_ 34 
_ 35_ 
Bore 
GP18 
(5g2) 
Soil 
profile 
Tertiary 
sediments 
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4- 
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Basement 
4 
* below ground level 
REGOLITH 
Figure 11: Stratigraphy of bore holes in various soil-landscape subsystems 
2.4.1.2 Aquifers and hydraulic properties 
Semi-confined and unconfined aquifers are present in the Tertiary sediments and 
weathered basement rocks, and commonly are connected. In general, groundwater 
close to the surface (<2 m) is unconfined and groundwater at depth is semi-confined. 
The hydraulic conductivity of aquifers in similar geologic environments is low and 
about 0.01 m/day in the Tertiary clays, 0.09 m/day in the in-situ weathered basement, 
and 0.75 m/day in the saprolite grits that occur immediately above the impervious 
basement rock (Clarke et al. 2000). Groundwater gradients are also very low, with 
slopes ranging from 0.5 per cent to less than 0.02 per cent (Figure 12). 
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2.4.1.3 Groundwater flow systems 
Groundwater processes causing salinity can be categorised according to their flow 
systems because the scale (local, intermediate or regional) of the flow systems 
reflects the ease with which salinisation can be managed (Coram 1998). In the study 
area, there are local groundwater flow systems, where recharge and discharge of 
groundwater occurs within 1-3 km of each other, and intermediate groundwater flow 
systems, which have a horizontal extent of 5-10 km and generally occur across an 
entire area. 
Groundwater discharge processes in the area can be described using three of the 
Australian groundwater flow system (hydrogeological) models: 
1. Basement highs, local model (i) — discharge over lower hydraulic conductivity 
structures. 
2. Depressions, local model (viii) — discharge from low hydraulic conductivity 
aquifers. 
3. Unconfined valley floor, intermediate model (i) — capillary discharge from 
unconfined aquifers in valley floors. 
The first process occurs in the Halbert and Salmon Gums Systems where shallow 
basement impedes groundwater flow. The last two processes mainly occur in the 
Halbert and Scaddan Systems where groundwater discharges in saline playa lakes 
and the low-lying areas adjacent to them. 
2.4.1.4 Groundwater depth and quality 
The Department of Agriculture's AgBores database has records of 48 groundwater 
monitoring bores within the study area; 32 of these have recent measurements of 
groundwater depth and electrical conductivity (EC), and 20 have groundwater pH 
measurements (Department of Agriculture 2004c). Depth to groundwater is variable 
— ranging from 0.5 to 20.3 m — with a median and average depth of 5.1 m and 6.3 
m respectively. Groundwater levels are generally shallow (<3 m) in the Halbert 
System and deeper in the Scaddan and Salmon Gums Systems (Table 3). 
Groundwater EC ranges from 2,400 to 14,100 mS/m, with a median of 5,800 mS/m, 
which is highly saline. Groundwater in the area is generally too saline for livestock 
and commonly has an equivalent salt content as seawater.b Groundwater pH ranges 
from 2.9 to 6.4, although typically the groundwater has a low pH, with a median and 
average of 3.5 and 3.8 respectively, which is moderately acidic.c 
b Electrical conductivity (mS/m) categories are: <90 (fresh); 90-270 (marginal); 270-900 (brackish); 
900-5,500 (saline); >5,500 (highly saline); 5,300 (seawater) 
c pH categories are: 2-3.9 (moderately acidic); 4-5.9 (slightly acidic); 6-7.9 (neutral); 8-10 (slightly 
alkaline) 
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Table 3: Groundwater depth and EC in monitoring bores within the subsystems 
Soil- 
landscape 
subsystem 
No. of 
bores 
Depth to groundwater 
below ground level (m) Groundwater EC (mS/m) 
Min. Max. Median Min. Max. Median 
Hal 13 <1 3 3 2,400 14,100 6,300 
Scl 10 5 20 9 5,000 8,300 6,000 
Sc2 5 3 6 5 3,300 5,300 4,900 
Sgl 1 NA* NA 11 NA NA 5,600 
Sg2 3 9 17 15 3,900 4,900 4,400 
* calculation not applicable 
2.4.2 Wetlands 
Kevin Hopkinson, Wetland Project Coordinator, Department of Environment, Albany 
The study area is bound to the west by the catchment of the upper Lort River, to the 
south by the headwaters of the Dalyup River system, with the Bandy Creek 
headwaters to the south-east. The areas to the north-west, north and east are similar 
to the landscape represented within much of the study area and generally lack 
defined drainage lines. 
The internally draining catchments within the area consist mostly of short intermittent 
waterways feeding into shallow seasonal wetland basins (lakes and swamps) and 
intermittent, broad and elongated chains of saline basins and flats (playas). 
Twelve types of wetland have been identified in the study area and these are 
classified into groups of wetlands or suites according to differences in physical 
characteristics, such as size, shape and hydrology (Figure 13, Table 4). Nine of 
these suites have been classified by Ecologia Environmental Consultants (2000) and 
the remainder were visited in September 2004 for addition to this regional work. 
Closer assessment of the suites may reveal similar geology and formation history 
that may enable suites to be combined. For example, the Bostock, Truslove and 
Salmon Gums East suites may be combined to one suite, as these wetlands were 
possibly once linked to form part of an ancient watercourse. However, because of 
the limited survey of these suites, the boundaries mapped are estimates only. 
Following the classification and evaluation of wetlands conducted by Ecologia 
Environmental Consultants, some of the suites have been assigned a management 
category, according to the condition and significance of the wetlands within that suite. 
Management categories and priorities are: 
• Conservation (C) — the highest category, to provide maximum protection to high 
value wetland attributes and functions. 
• Resource enhancement (R) — designated to maintain the wetland attributes and 
functions and wherever possible enhance the ecological values of the wetland. 
• Multiple use (M) — to use, develop and manage wetlands in the context of water, 
town and environmental planning while maintaining environmental functions. 
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Figure 13: Drainage in the study area 
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Table 4: Main wetland suites in the study area 
Legend 
no. 
Ecologia 
Ref No 
Wetland 
suite Description 
Management 
category 
1 Se-5 Teano 
suite 
Two small sumplands in minor depressions fed by 
intermittent creeks. Wetland vegetation is a patchy 
mosaic cover of yate (Eucalyptus occidentalis) and 
Melaleuca spp. across the basin. Most fringing and 
catchment vegetation has been cleared. 
R 
2 Se-3 Heart Echo 
suite 
Three small salt playas in close proximity including 
Heart Echo Lake. Small remnants of fringing 
mallee vegetation remains, with a thin upland 
buffer along the southern boundary on Raszyk Rd. 
R 
3 Se-2 Scaddan 
suite 
Numerous small, scattered, round and irregular- 
shaped chains of playas. Originally fringed only 
with a peripheral rim of Melaleuca spp. and upland 
mallee woodland species. The wetlands are now 
almost entirely cleared of fringing vegetation. 
R 
4 Se-10 Bostock 
Swamp 
suite 
An extensive series of rounded saline playas, 
including the named Bostock Swamp. This suite 
may have once formed the headwaters of the 
Coramup Creek but have since in-filled to become 
linear playa chains. The majority of the fringing 
vegetation has been cleared, with the exception of 
Bostock Swamp, which is contained within a nature 
reserve adjoining the south-western boundary of 
the Truslove Nature Reserve. 
Cd; R 
5 Se-9 Dalyup 
Road suite 
A series of small, round to irregular-shaped 
sumplands and playas. Wetland vegetation varies 
with stands of yate fringing the wetland and dense 
stands of species including yate and Melaleuca 
cuticularis growing across the basins. Most of the 
fringing vegetation has been cleared, with the 
exception of the block of remnant vegetation near 
Dalyup and Thomas Roads. 
C e ;  R 
6 New suite Truslove 
suite 
Extensive series of rounded and elongated chains 
of basins and playas contained within the Truslove 
Nature Reserve and extending north-east. 
Vegetation is absent from the basins and playa 
floors, with fringes of samphire, melaleuca and 
intact upland mallee communities. 
C 
named Bostock Swamp only 
e the main wetland in the Crown reserve is likely to be C category 
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Table 4: Main wetland suites in the study area (cont) 
Legend 
no. 
Ecologia 
Ref No 
Wetland 
suite Description 
Management 
category 
7 Se-6 Williams 
Road suite 
Series of small to large, irregular-shaped basins 
formed within small to medium depressions in the 
landscape. Dominant vegetation is Melaleuca 
cuticularis, which grows in a mosaic cover across 
the wetland basin. Upland mallee is present in thin 
remnants, with the exception of the southern-most 
wetland, which is within a road reserve, and the 
northern-most wetland, which is contained within 
the extensive nature reserve along Bishops Road. 
Cf; Rg 
8 Se-7 Glen 
Hartley 
Swamp 
suite 
Glen Hartley Swamp is the sole representative of 
this suite and is a small, irregular-shaped 
sumpland. Some fringing vegetation remains, but 
the surrounding buffer and catchment are cleared. 
R 
9 Se-8 Swan 
Lagoon 
suite 
Swan Lagoon is the sole representative of this 
suite and is a small, irregular sumpland fed by an 
intermittent creek. The wetland basin is covered 
with a dense stand of yates and is contained 
entirely within a nature reserve. 
C 
10 Lo-11 Roberts 
Swamp 
suite 
Roberts Swamp is a large, irregular-shaped 
sumpland basin with extensive associated 
damplands that have formed over transported 
sediments and become the termination point of 
several small seasonal creeks. The suite covers 
about 300 ha and is entirely contained within a 
1,700 ha Shire reserve. Yates cover the sump and 
damplands, with fringing M. acuminata, upland 
Salmon gum (E. salmonophloia) and mallee (E. 
eremophila, E. tetragona) woodlands buffering the 
wetland. 
C 
11 New suite Salmon 
Gums East 
suite 
Similar to the Truslove suite; contains a series of 
shallow, elongated, east-west trending playas and 
deeper basins. Wetlands in the west of this suite 
are degraded with most fringing vegetation cleared; 
however, the wetlands in the eastern part are 
pristine and contained within a nature reserve and 
uncleared unallocated Crown land (UCL). 
C 
12 New suite Kumar! 
suite 
A series of rounded and irregular playas that may 
have once been part of the adjacent Lort River 
headwaters. Upland mallee and salmon gum 
woodlands fringe low, dense stands of Melaleuca 
spp. The wetland basin sediments are bare except 
for patches of samphire (Halosarcia spp.) above 
high water level. A well-vegetated suite with entire 
wetland chains contained within UCL. 
C 
Source: Ecologia Environmental Consultants (2000) 
f wetland in Bishops Rd nature reserve 
g all other wetlands in suite 
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2.4.3 Water resources 
Angela Alderman, Land and Water Development Officer 
The only alternative public water supply, other than the Grass Patch and Salmon 
Gums town dams (Hart 1997) and the defunct agricultural area dams, is the Salmon 
Gums quarry, which has a storage capacity of 114 500 m3 (Burnside 1995). The 
quarry is a strategic water resource used to supplement both farm water supplies and 
the Salmon Gums town supply during periods of water deficiency. 
Farm dams and rain tanks provide most water supplies for livestock, spraying and 
domestic use. Farm dams are mainly conventional square dams with improved 
catchments. 
2.5 Native vegetation 
Brendan Nicholas, Soil Resource Officer 
The five broad vegetation systems in the study area have distinct associations 
because of differing soil type, topography and rainfall. Prior to clearing, the Salmon 
Gums System covered half of the area and the Ridley System covered nearly one- 
third (Table 5, Figure 14). 
Table 5: Beard's Vegetation Systems 
Vegetation system Area (ha) Area (%) 
Salmon Gums 237,000 54 
Ridley 130,000 29 
Lort 56,000 13 
Esperance 13,000 3 
Dundas 2,000 1 
Total 438,000 100 
For further information about the vegetation systems and associations summarised 
below, refer to Beard (1973, 1975): 
• Salmon Gums System — transitional between the mallee and the woodland found 
further north. Dominant species are mallee associations of Eucalyptus 
eremophila — E. oleosa with small distinctive woodlands of E. oleosa — 
E. flocktoniae and minor occurrences of E. salmonophloia. 
• Ridley System — mallee associations of E. eremophila — E. oleosa, E. redunca — 
E. uncinata, and E. forrestiana, with a Melaleuca spp. understorey. 
• Lort System — mallee association dominated by E. eremophila, with a Melaleuca 
spp. understorey. 
• Esperance System — a mosaic of vegetation types dominated by sandplain mallee 
heath (E. tetragona). On deep sands, shrub-heath (Banksia speciosa) vegetation 
is present. 
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• Dundas System — woodland dominated by E. dundasii with an understorey of 
Grey bush (Cratystylis concocephala) and Saltbush (A triplex vesicaria) 
2.6 Land use 
Brendan Nicholas, Soil Resource Officer 
Farming accounts for almost 85 per cent of the land use in the study area (Table 6, 
Figure 15). Seventy per cent of the area's boundary, most of which forms the limit of 
agriculture, abuts unallocated Crown land and reserves. The remaining 150 km is 
adjacent to farmland. The 1,800 km of road consists of about 100 km of the 
Coolgardie—Esperance Highway, 1,100 km of local roads and 600 km of minor roads 
and tracks. Townsites account for less than 1,000 ha of the area. 
Table 6: Land use within the study area 
Land use Area (ha) Area (%) 
Farming 364,000 83 
Unallocated Crown land 40,000 9 
Reserves 34,000 8 
Total 438,000 100 
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Figure 14: Beard's Vegetation Systems in the study area 
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Figure 15: Land use in the study area 
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3. Resource condition and future risk 
3.1 Climate change impacts 
Angela Alderman, Land & Water Development Officer 
Western Australia is expected to become warmer and drier than at present (Foster 
2002). Warming is likely to be greatest in spring and least in winter, and affect daily 
maximum and minimum temperatures. Average annual temperatures are expected 
to rise by up to 2°C by 2030 and up to 6°C by 2070, with slightly less warming in 
coastal regions. Rainfall is predicted to decline from autumn to spring by 20 per cent, 
and evaporation rates are expected to increase with temperature, thereby reducing 
the moisture balance and potentially affecting plant growth and surface-water run-off. 
Implications for these projections include: 
• growing season may start later and finish sooner 
• daily rainfall events may become more intense, increasing episodic recharge 
• period between rain events may increase and with increased evaporation rates, 
run-off generation systems, such as roaded catchments and additional storage 
could be needed 
• more frequent temperature extremes 
• rising temperatures may affect field crops via potentially large changes in heat or 
chill storage. A possible benefit of temperature rise is reduced risk of frost 
• reduced pasture production and increased heat stress of stock 
• warmer climate may favour some pests and diseases 
• possible extinction of species with a restricted range or confined to small areas. 
3.2 Land management hazards 
Brendan Nicholas, Soil Resource Officer 
Management practice is the major factor in avoiding soil decline; however, the soils of 
the Grass Patch — Salmon Gums area have inherent characteristics that predispose 
them to certain land management hazards. These hazards are based on the 
attribution of soil-landscape mapping conducted by van Gool and Moore (1999). 
Land qualities are attributed to soil and map units to assist in identifying 
management, conservation and degradation issues. 
There are 4 major land management hazards in the study area and the most 
widespread are strongly alkaline subsoils and water repellence. 
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3.2.1 Alkaline subsoils 
Strongly alkaline (>8-515 H20) subsoils are associated with other subsoil chemistry 
issues, particularly sodicity, boron toxicity and primary salinity. 
• Three-quarters of the area has strongly alkaline subsoils. 
• Soil groups most likely to have strongly alkaline subsoils are Alkaline duplex soils 
and Calcareous loamy earths. 
• All soil-landscapes have subsoils with some degree of alkalinity. 
3.2.2 Water repellence 
• Two-thirds of the area has a high risk of developing water repellence. 
• Soil groups most at risk are Pale deep sands, Alkaline grey deep sandy duplex 
soils and Alkaline grey shallow sandy duplex soils. 
• Main subsystems affected are Hal, Scl and Sc2. 
• Risk factors are sandy topsoils with less than 5 per cent clay content. 
3.2.3 Wind erosion 
• Nearly two-thirds of the area has a high risk of wind erosion, mostly in the salt 
lake chain landscapes. 
• Soil groups most at risk are Pale deep sands, Alkaline grey shallow and deep 
sandy duplex soils and Calcareous loamy earths. 
• Main subsystems affected are Hal, Scl and Sgl. 
• Risk factors are loose sandy topsoils with less than 5 per cent clay content. 
3.2.4 Soil structure decline 
• Half of the area has a moderate to high risk of soil structure decline. 
• Soil groups most at risk are Alkaline grey shallow duplex soils, Calcareous loamy 
earths. 
• Subsystems most affected are Scl , Sgl and Sg2. 
• Risk factors are soils with sodic loamy to clay loam textures. Shallow duplex soils 
are also at risk where the sodic subsoil clays have been brought to the surface by 
topsoil erosion or by mixing of the topsoil and subsoil during cultivation. 
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3.3 Hydrological risk 
3.3.1 Shallow watertables and salinity 
John Simons, Hydrologist 
This section illustrates how changes in the water balance resulting from clearing are 
affecting groundwater levels and the development of secondary salinity. These 
changes, which are expected to continue for several decades until a 'new' equilibrium 
is reached, increase groundwater recharge, storage and discharge from aquifers, 
causing groundwater levels to rise and secondary salinity to develop. 
3.3.1.1 Groundwater trends and the risk of shallow watertables 
The AgBores database has 13 monitoring bores in the study area with adequate 
long-term (>5 years) records to calculate trends in groundwater levels. Groundwater 
levels in only 3 of these bores are showing rising trends and the others bores have 
static groundwater levels (Figure 16). The observed rises in groundwater levels 
occurred after above average rainfall in 1999 and 2000. Since this time, groundwater 
levels in bores GS1 and AG21 have been rising at rates of 0.10 and 0.20 m/yr 
respectively. Over the same two-year period the groundwater level in bore G54 rose 
by 0.40 m; however, since this incremental rise, the groundwater level has been 
static, which indicates that most of the recharge is occurring episodically during and 
after years of above average rainfall. 
The 1999 National Land and Water Resource Audit (NLWRA) assessed the 'risk of 
shallow watertables' using groundwater depth and trend data (Short & McConnell 
2001). During the NLWRA, groundwater levels in the study area were static and risk 
was considered to be low in the Salmon Gums System and moderate in the Scaddan 
and Halbert Systems. Reapplying the same methodology, the risk of shallow 
watertables is now considered to be low to moderate in the Scaddan System, 
moderate in the Salmon Gums System and moderate to high in the Halbert System 
(Table 7). 
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Figure 16: Groundwater trends, low-lying areas and salt-affected land 
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Table 7: Groundwater depth, trend and risk of shallow watertables 
Soil-landscape 
subsystem Bore ID 
Depth to 
groundwater 
Nov 2003 (m) 
Rate of 
groundwater 
level rise (m/yr) 
Risk of shallow 
watertables 
2004* 
Hal AG19 2.6 static Moderate 
Hal SG3D 3.0 static Moderate 
Hal SG3S 2.9 static Moderate 
Hal SG4 0.9 static High 
Hal SG5 0.5 static High 
Hal SG6 3.0 static Moderate 
Hal SG7 2.9 static Moderate 
Scl AG18 6.1 static Low 
Scl AG21 13.7 0.1 Moderate 
Scl GS4 7.2 0.05 Moderate 
Scl GS5D 5.8 static Moderate 
Scl GS5S 5.4 static Moderate 
Sgl GS1 11.1 0.05 Moderate 
* High — depth to groundwater <2 m, or 2-5 m and rising 
Moderate — depth to groundwater 2-5 m and static, or >5 m and rising 
Low — depth to groundwater >5 m and static. 
3.3.1.2 Extent of salt-affected land and low-lying areas with the potential for 
shallow watertables 
The Land Monitor Project (2001a) used satellite data to map areas of consistently low 
productivity (Figure 16).h The map only represents the severely salt-affected areas 
that have been consistently degraded and are bare of plant growth, and areas 
covered with samphire or patchy barley grass. Salt-affected land with dense 
vegetative cover in spring is not mapped using this technique.' 
The Land Monitor Project mapped 4 per cent of the study area as salt-affected and 
95 per cent of this area represents the primary and secondary salinity associated with 
the playa lakes that occur in the Halbert System (Table 8). More than half of the salt- 
affected land occurs within farmland (Table 9). 
h The Land Monitor Project was a multi-agency project of the Western Australian Salinity Action Plan 
supported by the Natural Heritage Trust. 
'Extent of salt-affected land was calculated by combining the Land Monitor Projects' September 1988 
and 1999 data (Landsat scene 108-083). In a sample area, salinity mapping accuracy is estimated to 
be 63 per cent of the salt-affected land evident in 1999 aerial photography being actually mapped. 
Details and accuracy statements of the data sets can be found in Land Monitor Project (2001a). 
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The Land Monitor Project (Dunne et al. 2001) used a digital elevation model to derive 
'height above flowpaths' in order to map low-lying areas (Figure 16)i Over 
20 per cent of the study area is low-lying (Table 8). The map was then analysed with 
other hydrological information to determine the type of hydrological hazard occurring 
in these areas. 
In the Halbert System the low-lying areas have the potential to develop shallow 
watertables and are at risk of developing salinity. In the Salmon Gums and Scaddan 
Systems the low-lying areas are predominantly at risk of flooding and inundation 
during wetter years. 
Over 80 per cent of the low-lying areas occur on farmland with the remainder 
occurring on reserves and unallocated Crown land (Table 9). Almost 40 per cent of 
the 1,800 km of roads in the study area are within low-lying areas. In areas of 
shallow watertables, construction and maintenance costs of standard sealed country 
roads area increased by 25 to 35 per cent and 15 per cent respectively. The 
construction and maintenance costs of gravels roads are increased by about 40 per 
cent and 25 per cent respectively (Murray—Darling Basin Commission 1994). 
Table 8: Area and proportion of salt-affected land and low-lying areas within 
subsystems* 
Soil- 
landscape 
subsystem 
Area 
(ha) 
Salt-affected 
(ha) (%) 
Proportion 
of total salt- 
affected 
(0/) 
Low-lying 
(ha) (%) 
Proportion 
of total low- 
lying 
(0/) 
Hal 151,000 11,900 8 68 19,900 13 20 
Ha2 7,000 4,600 64 27 5,200 72 5 
Scl 112,000 500 0.5 3 32,900 29 34 
Sc2 14,000 180 1.3 <1 5,200 39 5 
Sgl 73,000 140 0.2 1 21,600 30 22 
Sg2 55,000 120 0.2 <1 10,200 19 11 
Sg4 15,000 20 0.1 <1 2,100 14 2 
Other 11,000 8 0.1 <1 990 8 1 
Total 438,000 17,500 : 4.0 100 98,100 i 22 100 
* The subsystems listed have areas greater than 5,000 ha and more than 1 per cent of their area 
analysed as low-lying 
'Height above flowpath' is a measurement of the vertical elevation from the flowpaths, which are 
areas where water flow accumulation is high (not just creeklines). Once the flowpath is defined, an 
area within a discrete (0.0-0.5 m) height class above the flowpath can be identified. These are the 
low-lying areas. 
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Table 9: Area and proportion of salt-affected land and low-lying areas within 
land uses 
Proportion Proportion 
Land use Area Salt-affected of total salt- 
affected 
Low-lying of total low- 
lying 
(ha) (ha) (%) (0/) (ha) (%) (0/) 
Farmland 364,000 9,600 i 3 55 ; 81,100 : 22 83 
Unallocated 40,000 3,700 9 21 8,200 21 8 
Crown land 
Reserves 34,000 4,200 12 24 8,800 i 26 9 
Total 438,000 17,500 i 4 100 98,100 i 22 100 
3.3.1.3 Salinity hazard rating and timing of salinity impacts 
The study area is considered to have a long-term, high salinity hazard rating 
(Government of Western Australia 1996). The time until potential salinity fully 
develops is more than 75 years for the Scaddan and Salmon Gums Systems and 35- 
75 years in the Halbert System. The salinity risk is highest in the low-lying areas 
between the saline playa lakes in the Halbert System where most of the secondary 
salinity is currently developing. 
3.3.2 Wetlands 
Kevin Hopkinson, Wetland Project Coordinator, Department of Environment, Albany 
During September 2004, the Department of Environment conducted a snapshot 
study of a representative number of wetlands from the suites within the study area. 
Wetlands visited were those known to be of high value, or a good representative of 
wetlands within that suite. 
Parameters assessed include water quality (salinity and pH), macroinvertebrates and 
vegetation condition (Appendix 2). A wide range of conditions was experienced, 
including large variations in salinity and pH readings between suites. 
3.3.2.1 Wetland condition 
A number of individual wetlands are in excellent condition and rate very high as 
representatives of their respective wetland suites. These sites include Roberts 
Swamp, Swan Lagoon, Bostock Swamp, Bishops Road nature reserve swamp, and 
Dalyup Road reserve swamp. In addition, much of the Truslove and Kumarl suites 
appear worthy of a conservation management category, with most of the wetlands of 
these suites contained within uncleared reserves. The Salmon Gums East suite 
contains a number of wetlands of high value within reserves; however, the western 
edge of this suite is cleared and most of the wetlands are degraded. 
The Truslove, Salmon Gums East and Kumarl suites all extend well out of the study 
area, and appear to represent a vast chain of saline playas contained in unallocated 
Crown land and reserves. These wetlands are excellent representatives of their 
wetland type, and would be extremely useful as indicators of intact vegetation 
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communities that would have existed across much of the cleared land in the study 
area. 
3.3.2.2 Water quality 
The wetlands fall into two broad categories — fresh seasonal sumplands reflecting 
shallow perched aquifers, and intermittent saline basins and playas. The saline 
wetlands can be further categorised into those that are naturally saline, and those 
that have become saline as a result of secondary salinity. 
In general, the fresh wetlands are those that are fed by intermittent creeks and reflect 
a fresh perched aquifer. Of the 'Conservation' category wetlands visited, only 
Roberts Swamp, Swan Lagoon and the Dalyup Road reserve wetland remain fresh. 
The low salinity readings obtained indicate there is little or no secondary salinity in 
the catchments of these wetlands, and possibly that sediments in the wetlands permit 
some infiltration of ponded water that prevents the build-up of salts. This infiltration 
appears to occur in Roberts Swamp, where it is suspected that solution cavities in the 
underlying sediments ensure rapid draining of the wetland. 
The saline wetlands are all considered to be hypersaline, with readings up to four 
times that of seawater. Most of these wetlands appear to be naturally saline 
systems, which may indicate that expressions of saline groundwater, or perhaps 
many years of evapoconcentration of rainfall in impermeable sediments, have 
permitted the accumulation of salts. Wetlands in this category include the Truslove, 
Kumar!, Salmon Gums East and Bostock Swamp suites. 
Wetlands that may have once been fresh or brackish and are now saline include the 
Williams Road suite, and some of the Dalyup Road suite that are outside the road 
reserve. This change is indicated by the presence of dead vegetation across the 
wetland basins, suggesting the wetlands held less water, less often, and had much 
lower salt levels than today, which could be a result of the wetlands being captured 
by rising saline groundwater, or salts being washed down from upper catchment 
areas. 
3.3.2.3 Macroinvertebrates 
Macroinvertebrates are aquatic bugs — aquatic worms, snails, insects and 
crustaceans, such as gilgies and koonacs — that can be easily seen with the naked 
eye. Some species are particularly sensitive to changes in water quality and so their 
presence or absence can be an excellent indicator of the health of a wetland. 
Fresh wetlands typically have high species diversity with low numbers of individuals. 
Conversely, only a small group of macroinvertebrates — a few hardy crustaceans, 
such as ostracods and amphipods — are tolerant of extremes in water quality. 
Consequently, in general, saline to hypersaline wetlands may have high numbers of 
individuals of only a few species. For this reason, waterbirds are attracted to saline 
and nutrient enriched wetlands as a food source. 
Swan Lagoon and Roberts Swamp were the freshest wetlands sampled and had the 
highest number of different bugs present with counts of 13 and 6 respectively. The 
presence of 2 species of mayfly in Swan Lagoon is important because this bug is 
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highly sensitive to poor water quality and therefore indicates the water quality in this 
system is very good; however, large numbers of copepods and backswimmers were 
found that may indicate elevated nutrient levels. 
Macroinvertebrate numbers tend to decline markedly as salinity levels approach 
seawater. Very few macroinvertebrates were found in the saline wetlands sampled, 
with species numbers and diversity reducing markedly as salinity levels increased. 
The Bostock Swamp wetland had 2 species of macroinvertebrate — ostracods and 
snails — in high numbers. The Truslove wetland had smaller numbers of ostracods 
only, and no species were found in the other saline wetlands sampled. The upper 
limit for even the hardiest of macroinvertebrates to survive therefore appears to be 
15,000-20,000 mS/m. 
3.3.3 Water resources 
Angela Alderman, Land and Water Development Officer 
Depending on the position in the landscape and design of the structure, private farm 
water supplies may be at risk from salinisation, eutrophication, siltation and 
significant evaporation losses. 
There is a scarcity of suitable dam and catchment sites because of problematic soils 
and shallow watertables. The subsoils possess shrink-swell properties, which 
causes catchment failure and dams to leak. The soils are the largest single 
obstruction to improving the reliability of water supplies in the study area. 
Increased cropping activity has decreased the reliability of high-grade domestic water 
supplies. Crop spraying uses a significant proportion of the domestic rainwater at the 
beginning of the growing season, before tank capacities have recovered from the 
summer—autumn demand. 
3.4 Native vegetation representation and risk 
Tilo Massenbauer, Catchment Conservation Officer, Department of Conservation and 
Land Management 
3.4.1 Native vegetation representation 
The study area retains only 16 per cent of its original native vegetation cover 
(Appendix 3, Table A4). This vegetation contains 2 species of declared rare flora and 
49 species of priority flora (Appendix 3, Table A5). 
Seventy per cent of the remnant native vegetation occurs on reserves managed by 
the Department of Conservation and Land Management, the Esperance Shire 
Council and the Department of Land Information. The remaining native vegetation is 
fragmented over farmland. 
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A vegetation type is considered to be under-represented where this value is less than 
25 per cent of its original distribution. The following vegetation types are considered 
to be under-represented: 
• MaIlee scrub, Eucalyptus eremophila (7 per cent remaining) 
• MaIlee scrub, E. eremophila & Forrest's marlock (E. forrestiana) (13 per cent 
remaining) 
• Salmon gum & red mallee / Shrublands; mallee scrub E. eremophila (17 per cent 
remaining) 
• MaIlee scrub, E. eremophila & red mallee (20 per cent remaining). 
3.4.2 Native vegetation at risk 
Although the study area is 16 per cent vegetated, the farmland is only 6 per cent 
vegetated. One-quarter of the agricultural land's native vegetation is found in low- 
lying areas. This risk will threaten 1 species of declared rare flora and 35 species of 
priority flora (Table 10). 
It is expected that the following reserves will be most affected by rising groundwater 
levels: 
• Roberts Swamp Shire Reserve — 30 per cent of 840 ha 
• Truslove Nature Reserve — 30 per cent of 6,300 ha 
• Nature Reserve 331133 —40 per cent of 8,900 ha 
• Dowak Nature Reserve —40 per cent of 80 ha 
• Nature Reserve 33501 —40 per cent of 200 ha 
• Ridley South Nature Reserve —45 per cent of 1,100 ha 
• Bishops Nature Reserve —45 per cent of 1,400 ha 
• Swann Lagoon Nature Reserve — 55 per cent of 350 ha. 
The study area is surrounded by the strategically important Northern MaIlee Macro- 
corridor, which is an important wildlife link between Eucla, the Goldfields and the 
South West. The high number of priority flora can be attributed to the transitional 
nature of soil-landscapes from the sandplain to the mallee and extensive clearing. 
Important conservation values, such as migratory waterbirds and unusual aquatic 
invertebrate assemblages, use the myriad of saline wetland systems distributed 
throughout the landscape. 
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Table 10: Priority and declared rare flora found in low-lying areas 
Species Populations Status* Risk 
Acacia euthyphylla 1 P3 Immediate 
Acacia pritzeliana 1 P3 Immediate 
Melaleuca fissurata 1 P4 Immediate 
Eremophila lactea 2 DRF Low-lying area 
Astartea sp. Esperance 1 P1 Low-lying area 
Baeckea crassifolia var. icosandra 2 P1 Low-lying area 
Conostephium marchantiorum 2 P1 Low-lying area 
Conostephium uncinatum 1 P1 Low-lying area 
Eremophila compressa 1 P1 Low-lying area 
Goodenia sp. Scaddan 1 P1 Low-lying area 
Lepidium fasciculatum 1 P1 Low-lying area 
Andersonia macranthera 1 P2 Low-lying area 
Astroloma sp. Grass Patch 1 P2 Low-lying area 
Daviesia paucitiora 1 P2 Low-lying area 
Grevillea plunjuga subsp. superba 2 P2 Low-lying area 
Melaleuca viminea subsp. appressa 1 P2 Low-lying area 
Acacia pritzeliana 2 P3 Low-lying area 
Eucalyptus ovularis 4 P3 Low-lying area 
Frankenia drummondii 1 P3 Low-lying area 
Goodenia laevis subsp. laevis 1 P3 Low-lying area 
Melaleuca dempta ms 2 P3 Low-lying area 
Persoonia cymbifolia 1 P3 Low-lying area 
Pityrodia chrysocalyx 1 P3 Low-lying area 
Adenanthos ileticos 2 P4 Low-lying area 
Caladenia voigtii 1 P4 Low-lying area 
Darwinia polycephala 3 P4 Low-lying area 
Eucalyptus dolichorhyncha 8 P4 Low-lying area 
Grevillea baxteri 1 P4 Low-lying area 
Melaleuca fissurata 2 P4 Low-lying area 
refer to Appendix 4 for definition of status 
Source: Department of Conservation and Land Management (2004) and Dunne et al. (2001) 
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4. Management options 
This section sets out options for managing land and water hazards. Factors such as 
soil type, annual rainfall, enterprise mix and financial structure will determine the 
most suitable approach for a farm business. 
4.1 Land management 
4.1.1 Land management hazards 
Andrea Hills, Resource Management Development Officer 
Some hazards, such as saline subsoils, cannot be ameliorated and therefore must be 
managed using best practice measures to maximise production and long-term 
sustainability. Other problems, such as nutrient deficiencies, can be more readily 
addressed. 
In the Grass Patch — Salmon Gums area, soil management problems are primarily 
associated with the subsoil (Table 11). Most soil types are likely to contain toxic 
amounts of salts, including sodium and boron, at depths of 40 cm or more. Crops 
cannot take up water from highly saline solutions and consequently, they are forced 
to rely on rainfall to fulfil their yield potential, even when the stored subsoil moisture is 
good. The use of suitable boron tolerant crop varieties in the cropping program can 
help minimise yield losses. The worst of these areas (where crops regularly fail) can 
be usefully managed by growing salt tolerant plants, such as saltbush, for grazing. 
Soil structural problems may be found anywhere in the soil profile. Topsoil problems 
of sealing and hardsetting generally occur where the subsoil is brought to the surface 
through cultivation or erosion of topsoil. Gypsum applied at rates of about 2 t/ha and 
incorporated into the top 5 cm of soil can help ameliorate these problems. However, 
the best yield responses occur when gypsum is applied as part of a package of 
minimising tillage (e.g. direct drilling), good nitrogen fertiliser levels and early sowing. 
Avoid growing peas or other grain legumes in the year after application because very 
high (10 t/ha) rates of gypsum interfere with their nodulation and vigour. Preferably, 
grow a cereal instead. 
The density of the subsoil can reduce root growth and currently there are only a few 
management options. Deep ripping in combination with the placement of nutrients is 
being trialled in some mallee areas for effectiveness and to assess concerns that 
ripping might create other soil structure problems in the medium term. 
Soil alkalinity increases down the soil profile and often results in deficiencies in the 
trace elements zinc and manganese, but this can be managed with strategic 
applications of liquid fertilisers in conjunction with a regular granular fertiliser suited to 
production levels. 
Sandy topsoils are at risk of wind erosion if paddocks are over-grazed or cultivated. 
Water erosion on slopes may also occur. Maintaining at least 50 per cent plant 
residue cover will reduce the risk of erosion. Claying the deeper sands to ameliorate 
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water repellence may be profitable and will also give soils some protection from wind 
erosion. 
Table 11: Land management hazards and options for the major soil groups 
Land management 
hazard 
Z. 
o 
Kumar! 
Scadn 
sand 
Circle 
Valley 
sand 
Scadan/Circle 
Valley 
loam 
Heart 
Echo 
& 
Doust 
Management options 
Risk of sealing and 
hardsetting where subsoil 
brought to the surface 
.7 .7 .7 .7 Ameliorate surface sealing or 
hardsetting by applying gypsum. 
Maintain soil structure by avoiding 
deep cultivation. 
Rooting depth restricted by 
dense subsoil to cracks 
and old root channels 
.7 .7 .7 Deep ripping being investigated; 
may result in soil structure decline. 
High boron levels in subsoil ,( ,( ,( ,( ,( Use boron tolerant varieties. 
Saline subsoil limits 
moisture use of plants 
.7 .7 .7 .7 Use salt tolerant plants in worst 
areas. 
Risk of wind erosion where 
surface is sandy 
,7 ,7 ,( ,7 Maintain at least 50% plant residue 
cover. 
Risk of water erosion on 
slopes 
.7 .7 .7 .7 .7 
High risk of salinity in low- 
lying flat areas (long term) 
,( .7 .7 .7 Use salt tolerant plants. 
Non-wetting topsoil ,( Clay to ameliorate water repellence 
& improve nutrient holding 
capacity. High risk of leaching mobile 
nutrients (e.g. nitrogen) 
.7 
Moderate risk of topsoil and 
subsoil acidification 
,( Monitor pH of topsoil and subsoil 
(10-25 cm) and apply lime as 
required. 
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4.2 Water management 
4.2.1 Salinity 
Salinity is managed by reducing recharge to groundwater, increasing groundwater 
discharge and making productive use of salt-affected land. The success of any 
management option is dependent upon whether it considers the size and 
characteristics of the contributing groundwater flow system. 
The low groundwater gradients and hydraulic conductivities limit the hydrologic 
responsiveness of landscapes in the study area. Managing recharge with perennials 
is restricted because most of the groundwater recharge occurs episodically and 
summer rainfall is unreliable, thereby reducing the viability of perennial options. The 
effectiveness of groundwater drainage is limited because the ability of the aquifers 
and subsoils to transmit water is minimal. Additionally, the internal drainage system 
restricts the volume of groundwater and surface water that can exit the study area. 
Productively using salt-affected land is also challenging because the shallow 
groundwater is generally highly saline and moderately acidic, which makes it toxic to 
most plants. 
Therefore, attempting to return salt-affected land to previous levels of agricultural 
production is unrealistic. Instead, salinity management should focus on living with 
and adapting to salinity. To protect priority resources, such as infrastructure and high 
value conservation areas, pumping groundwater into evaporation basins may need to 
be considered. 
4.2.2 Wetlands 
Kevin Hopkinson, Wetland Project Coordinator, Department of Environment, Albany 
The threats facing the wetlands are related to clearing of native vegetation and 
include: 
• increased inundation and waterlogging from excess catchment run-off, as is 
evidenced by dead fringing vegetation around Roberts Swamp and Swan Lagoon 
wetland 
• rising saline groundwater either capturing wetlands, or appearing in upper 
catchments and washing salts into basins. The Williams Road wetlands may be 
affected by rising groundwater 
• clearing of buffering and fringing wetland vegetation 
• increased nutrients and sediment. 
Priority management actions include: 
• Fencing of all wetlands and waterways to exclude stock access and protect 
fringing vegetation. 
• Revegetation of wetland and waterway buffers to enhance nutrient and sediment 
removal from run-off. 
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• Surface water management to use more water in the landscape where it falls, and 
reduce run-off into wetland basins, including diverting water into degraded 
'sacrificial' wetlands. 
• Maintain a regular water quality and macroinvertebrate monitoring program to 
enable early detection of changes in water quality and wetland health. 
4.2.3 Water resources 
Angela Alderman, Land and Water Development Officer 
Water run-off is difficult to harvest because of low slopes and sandy-surfaced soils. 
Dams with silt traps, piped inlets, improved catchments, diversion structures and 
regular maintenance, will improve the reliability of farm water supplies and ensure 
structures are operating at optimum storage and collection capacities. 
Most roof catchments are under-utilised and rainwater tanks could be arranged to 
harvest excess water that usually overflows as waste from large events. 
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Appendix 1: Description of minor soil-landscapes 
Brendan Nicholas, Soil Resource Officer 
Table Al: Minor soil-landscape systems and subsystems 
Halbert System 
Ha3 
(2,000 ha, <1%) 
Gently undulating plain. Alkaline grey shallow and deep sandy duplex soils 
with associated Calcareous loamy earths and Pale deep sands. 
Johnston System 
Jn4 
(2,000 ha, <1%) 
Gently undulating plain with gently undulating rises in the upper landscape. 
Alkaline grey shallow sandy duplex with associated Pale deep sands and 
Calcareous loamy earths. 
Salmon Gums System 
5g3 
(2,000 ha, <1%) 
Seasonally inundated, generally fresh water swamps. Grey non-cracking 
clays. 
5g5 
(<1,000 ha, <1%) 
Level plain or plateau of low relief and poor external drainage. Alkaline grey 
shallow sandy duplex soils and Calcareous loamy earths with minor Non- 
cracking clays. 
Scaddan System 
5c3 
(<1,000 ha, <1%) 
Gently undulating sandplain in upper landscape position. Grey deep sandy 
duplex (gravelly) soils, Duplex sandy gravels and Deep sandy gravels with 
associated Pale deep sands. 
43 
GRASS PATCH - SALMON GUMS AREA APPRAISAL 
Appendix 2: Snapshot of the wetlands 
Kevin Hopkinson, Wetland Project Coordinator, Department of Environment, Albany 
Table A2: Wetland water quality assessment 
Wetland suite Location coordinates Salinity (mS/m) pH 
Water 
depth (m) 
No. of macro- 
invertebrate 
species 
Teano suite Not Sampled - - - 
Heart Echo suite Not Sampled - - - - 
Scaddan suite Not Sampled - - - - 
Bostock Swamp 
suite 
388003, 6299701 10,800 7.8 0.05 2 
Dalyup Road suite Wetland dry so 
sampled nearby dam 
367021, 6306731 
90 6.7 dry - 
Truslove suite 385881, 6309157 15,200 4.0 0.05 1 
Williams Road suite 364224, 6310899 10,100 3.9 0.01 Nil 
Glen Hartley 
Swamp suite 
Not sampled -- - - 
Swan Lagoon suite 387352, 6358660 70 7.7 1.50 13 
Roberts Swamp 
suite* 
350051, 6326299 90 9.1 0.50 6 
Salmon Gums East 
suite 
387418, 6358691 22,600 7.2 0.01 Nil 
Kumar! suite 356141, 6373982 22,500 4.7 0.01 Nil 
* Roberts Swamp was sampled during April 2004 and the macroinvertebrate count would be lower at 
this time of year 
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Table A3: Macroinvertebrate species density and diversityk 
Taxa Roberts 
Swamp 
Swan 
Lagoon 
Bostock 
Swamp 
Truslove suite 
Oligochaeta (worms) 3 1 - - 
Gastropoda (snail) - - 4 - 
Bivalve mollusc - - - - 
Cladocera (waterfleas) - - - - 
Ostracoda (seed shrimp) - 3 3 3 
Conchostraca - - - - 
Copepods 3 4 - - 
Amphipods (scuds) - - - - 
Isopods - - - - 
Arachnids (mites) - 2 - - 
Decapod (shrimp/crayfish) 2 1 - - 
Ephemeroptera (mayflies) - 2/1 - - 
Anisoptera (dragonflies) - - - - 
Zygoptera (damselflies) - 1 - - 
Notonectidae 
(backswimmers) 
3 3 - - 
Corixidae (water boatmen) 3 2 - - 
Other Hemiptera (bugs) - - - - 
Coleoptera (beetle)larvae - - - - 
Coleoptera (beetle) adults 1 - - - 
Chironomidae (midge) 2 - - - 
Biting Midge 1 - - 
Culicidae (mosquito) - - - - 
Other Diptera (fly larvae) - - - - 
Trichoptera (caddisfly larvae) - 1 - - 
Other taxa - - - - 
k 1 = 1 - 1 0  individuals; 2 = 11-100 individuals; 3 = 101-1,000 individuals; 4 = >1,000 individuals 
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Appendix 3: Vegetation types and priority flora 
Tilo Massenbauer, Catchment Conservation Officer, CALM 
Table A4: Vegetation types and present cover 
Beard's Vegetation Description 
Area of 
original 
cover (%) 
Proportion of 
original cover 
remaining (%) 
Proportion of 
original cover 
remaining (% of 
vegetation type) 
Bare Areas 
Rock outcrops <1 <1 37 
Salt lakes 1 <1 19 
Medium Woodlands 
Coral gum (E. torquata) & goldfields blackbutt (E. 
/e soufii) <1 <1 49 
Merrit & red mallee 2 <1 9 
Red mallee group <1 <1 10 
Redwood (E. transcontinentalis) & merrit (E. 
floctoniae) <1 <1 66 
Salmon gum <1 <1 30 
Mosaics 
Salmon gum & red mallee / Shrublands; mallee 
scrub E. eremophila 49 8 17 
Sedgeland; reed swamps, occasionally with heath <1 <1 46 
Shrublands 
Casuarina acutivalvus & calothamnus (also 
melalueca) thicket on greenstone hills <1 0 15 
Acacia, casuarina & melaleuca thicket <1 <1 11 
Banksia scrub-heath on sandplain in the 
Esperance Plains Region <1 <1 17 
Mallee scrub, E. eremophila 8 1 7 
Mallee scrub, E. eremophila & Forrest's marlock 
(E. forrestiana)* 16 2 13 
Mallee scrub, E. eremophila & red mallee 20 4 20 
Mallee scrub, black marlock 2 <1 13 
Scrub-heath in the Esperance Plains including Mt. 
Ragged scrub-heath <1 0 5 
Tallerack mallee-heath <1 <1 32 
Teatree scrub 1 <1 17 
Total 100 16 
* This vegetation description also includes the Mallee scrub, black marlock and Forrest's marlock 
vegetation type, because of a survey error by Beard. 
Source: Beard (1973) and Land Monitor Project (2001b). 
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Table A5: Declared rare and priority flora 
Species Status Species Status 
Eremophila lactea DRF Thysanotus bra chyantherus P2 
Eucalyptus merrickiae DRF Acacia euthyphylla P3 
Acacia diminuta P1 Acacia glaucissima P3 
Astartea sp. Esperance P1 Acacia improcera P3 
Baeckea crassifolia var. icosandra P1 Acacia pritzeliana P3 
Conostephium marchantiorum P1 Eucalyptus creta P3 
Conostephium uncinatum P1 Eucalyptus misella P3 
Dillwynia acerosa P1 Eucalyptus ovularis P3 
Eremophila compressa P1 Frankenia drummondii P3 
Eucalyptus foliosa P1 Goodenia laevis subsp. laevis P3 
Goodenia sp. Scaddan P1 lsopogon alcicomis P3 
Hydrocotyle sp. Truslove P1 Leucopogon rotundifolius P3 
Hydrocotyle vigintimilia ms P1 Melaleuca dempta ms P3 
Lepidium fasciculatum P1 Microseris scapigera P3 
Persoonia baeckeoides P1 Persoonia cymbifolia P3 
Pimelea pelinos P1 Pityrodia chrysocalyx P3 
Acacia amyctica P2 
Trachymene anisocarpa var. 
trichocarpa P3 
Andersonia macranthera P2 Adenanthos ileticos P4 
Angasomyrtus salina P2 Caladenia voigtii P4 
Astroloma sp. Grass Patch P2 Darwinia polycephala P4 
Daviesia pauciflora P2 Eremophila serpens P4 
Eremophila chamaephila P2 Eucalyptus dolichorhyncha P4 
Grevillea plurijuga subsp. superba P2 Grevillea aneura P4 
Haegiela tatei P2 Grevillea baxteri P4 
Melaleuca viminea subsp. 
appressa P2 Melaleuca fissurata P4 
Otion rigidum ms P2 
Source: Department of Conservation and Land Management (2004) 
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Definitions of conservation codes given to declared rare and priority flora (Atkins 
1998). 
DRF: Declared Rare Flora — Extant Taxa 
Taxa which have been adequately searched for and are deemed to be in the wild 
either rare, in danger of extinction, or otherwise in need of special protection, and 
have been gazetted as such. 
P1: Priority One — Poorly Known Taxa 
Taxa that are known from one or a few (generally less than five) populations, which 
are under threat, either due to small population size, or being on lands under 
immediate threat, e.g. road verges, urban areas, farmland, active mineral leases, or 
the plants are under threat, e.g. from disease, grazing by feral animals. May include 
taxa with threatened populations on protected lands. Such taxa are under 
consideration for declaration as 'rare flora', but are in urgent need of further survey. 
P2: Priority Two — Poorly Known Taxa 
Taxa which are known from one or a few (generally less than five) populations, at 
least some of which are not believed to be under immediate threat (i.e. not currently 
endangered). Such taxa are under consideration for declaration as 'rare flora', but 
are in urgent need of further survey. 
P3 Priority Three — Poorly Known Taxa 
Taxa that are known from several populations, and the taxa are believed to be not 
under immediate threat (i.e. not currently endangered), either due to the number of 
known populations (generally more than five), or known populations being large, and 
either widespread or protected. Such taxa are under consideration for declaration as 
'rare flora', but are in need of further survey. 
P4 Priority Four — Rare Taxa 
Taxa which are considered to have been adequately surveyed and which, while 
being rare (in Australia), are not currently threatened by any identifiable factors. 
These taxa require monitoring every 5-10 years. 
Note: The need for further survey of poorly known taxa is prioritised into the three 
categories depending on the perceived urgency for determining the conservation 
status of those taxa, as indicated by the apparent degree of threat to the taxa on the 
current information. 
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